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DESIGN AND SPECIFICATIONS FOR AN EXPERIMENTAL BOILER FOR THE 
MECHANICAL ENGINEERING LABORATORY OF THE UNIVERSITY OF ILLINOIS
This b o i le r  and equipment sh a ll con s is t o f  one Heine horse 
power, water-tube b o i le r ,  equipped w ith  a Green chain g ra te  and a 
McClave-Brooks han d -fired  g ra te , to  be used in terchangeab ly, a 
Greene Economizer, induced and fo rced  d ra ft  systems, and a Foster 
d i r e c t - f i r e d  superheater. This b o i le r  is  to be a du p lica te  o f  
that used at the United S tates G eo log ica l Survey 's Coal Testing  
P lan t in  St. Lou is, M issouri, 1904. I t s  use is  to be con fined  to 
experiments fo r  in v e s t ig a t io n  and in s tru c t io n .
t h e  lo ca tion  o f  the apparatus is  to be in  the south-west 
corner o f  the Mechanical Engineering Laboratory, in  a space 38 
x 44 fe e t .
The genera l arrangement o f  the p lan t is  to be such as w i l l  
f a c i l i t a t e  the observations necessary in  the experim ental work.
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3EXPERIMENTAL BOILER 
fo r  the
UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS
S p ec if ic a t io n s  fo r  the m a ter ia l and labor requ ired  in  in s t a l l ­
ing an Experimental B o ile r  and equipment in  the Mechanical E ngi­
neering Laboratory o f  the U n iv e rs ity  o f  I l l i n o i s ,  Urbana, I l l i n o i s .
Prepared as a th es is  fo r  the degree o f  B .S. in  Mechanical 
Engineering, U n ive rs ity  o f  I l l i n o i s ,  by H albert Evans Boner and 
Edgar White W agenseil.
GENERAL DESCRIPTION
L o c a t io n .-  The work here in  s p e c if ie d  is  fo r  the Mechanical Engi­
neering Laboratory o f  the U n ive rs ity  o f  I l l i n o i s ,  Urbana, 
I l l i n o i s ,  at the ju nction  o f  the I .  C. R. R . , the C. C. C. & 
St. L. R. R . , and the Wabash R. R ., lo ca ted  128 m iles south 
o f  Chicago. The d istance from the r a ilr o a d  depots to the 
U n ive rs ity  by paved s tr e e ts  is  one m ile .
Return o f  P lan s . -  A l l  plans and s p e c if ic a t io n s  are to  be returned 
to the Consulting E n gin eer 's  o f f i c e ,  Engineering H a ll.
Drawing s . -  P la te  No. 1. Plan and e le v a t io n  o f  the Mechanical 
Engineering Laboratory, sho?/ing arrangement o f  apparatus, 
lo c a t io n  o f  b o i le r ,  econom izer, superheater, mechanical d ra ft  
apparatus and stack .
P la te  No. 2. Plan and e le v a t io n  o f  the apparatus, show­
ing f lu e  connections, e tc .
------------------------------------------------------------------ ----------------- ------------------------------- ----
4P la te  No. 3. Plan and e le va tio n  o f  b o i le r ,  showing 
chain g ra te  s toker.
P la te  No. 4. E leva tion  o f  furnace, showing h an d -fired  
g ra te  ca rr ia g e , and furnace fr o n t .
P la te  No. 5. Foundations.
Subd ivision  o f  S p e c if ic a t io n s . -  These s p e c if ic a t io n s  are sub­
d iv id ed  in to  seve ra l parts  as ou tlin ed  on previous page. A l l  
b ids must be d iv id ed  so that any part may be om itted  from the 
con tract i f  deemed advisab le  or necessary by the Board o f  
T ru stees .
GENERAL CONDITIONS
These s p e c if ic a t io n s  and the accompanying drawings are h ere­
by made a pa rt o f  the con tract between the con tractor and the
Trustees o f  the U n ive rs ity  o f I l l i n o i s .
Supervision o f  Work and M a te r ia ls . -  The Consulting Engineer, r e ­
p resen tin g  the U n ive rs ity  o f  I l l i n o i s ,  w i l l  e x e rc is e  genera l 
supervision  fo r  the U n ive rs ity  over a l l  m a ter ia ls  and work, 
and w i l l  r e je c t  any d e fe c t iv e  m a te r ia l or work wherever 
found. No p o rt ion  o f  e ith e r  work or m ateria ls  w i l l  be f in a l ­
ly  accepted u n t i l  the f in a l  acceptance by the Board o f  
Trustees and the d ischarge o f  the con tracto r from h is  r e ­
s p o n s ib il ity  th e re fo r .
Omissions. - Any work drawn and not s p e c if ie d , or s p e c if ie d  and 
not drawn or p a r t ic u la r ly  mentioned, necessary to the f u l l  
com pletion o f  the work according to  the s p ir i t  and in ten t o f  
the drawings and s p e c if ic a t io n s , is  to be done without ex­
tra  charge.
----- I
5Damage by A cc id en ts . -  The con tractor shall, put up and maintain 
such b a r r ie rs  or take such precautions as w i l l  prevent ac­
c id en ts  in  consequence o f  h is  work; and he hereby assumes a l l  
l i a b i l i t i e s  fo r  a l l  damages occasioned in  any way by h is  
n eg lec t or that o f  h is  agents, employees or workmen.
Damage to  U n iv e rs ity  P rop e rty . -  The work o f  the con tractor shall 
be r e s t r ic te d  on the grounds o f  the U n ive rs ity  w ith in  the 
l im its  designated by the Consulting Engineer. Any damage 
done by the con tracto r or h is  employees to  any pro jjerty  o f  
the U n ive rs ity  must be paid fo r  by the con tracto r and the Uni­
v e r s it y  w ill, deduct from the payment fo r  any such damages as 
estim ated by the Consulting Engineer.
In te rp r e ta t io n . -  Upon a ll  questions concerning the execution  and 
com pletion o f  the work, and the in te rp re ta t io n  o f  the draw­
ings the d ec is ion  o f  the consu lting Engineer sh a ll be f in a l  
and b in d ing.
6P A R T  1 
BOILERS
Humber and Type. -  There w i l l  he one Water Tube B o ile r  o f  Heine 
make.
P ressu re . -  B o ile r  to ca rry  s a fe ly  a working pressure o f  160 lb s . 
per sq. in .
Heating Surface and Grate A rea . -  The b o i le r  is  to have 2100 
sq. f t .  o f  heating su rface and 57 sq. f t .  o f  g ra te  area.
Design o f  Pressure P a r ts . -  The b o i le r  is  to have one s h e ll  42 
inches in  diam eter, 21 fe e t  6 l/2 inches long o f  7/16 inch 
p la te ; heads l/2 inch th ick  and dished; re in fo rc e d  man-hole 
in  rea r  head, w ith  pressed s t e e l  co ve r . Longitud ina l seams 
to be d o u b le -r iv ite d  lap ; g ir th  seams to be s in g le - r iv i t e d .  
W ater-legs made o f  flan ged  steel, p la te  l/2 inch th ick , proper­
ly  stayed w ith  hollow  b o lts .  B o ile r  to have 116 s tra ig h t  
sp ec ia l m ild  s t e e l  w ater-tubes, 5 l/2 inches in  diam eter by 
18 fe e t  long.
M a ter ia l and Workmanship. -  A l l  m ateria l and workmanship must in  
every p a r t ic u la r  be f i r s t - c la s s .
Working and Test Pressu re. -  B o ile r  to be designed to  ca rry  a sa fe  
working pressure o f  160 lb s . per sq. in . ,  and to be tested  
and made t ig h t  at 225 lb s . per sq. in . ,  h yd ros ta tic  pressure 
b e fo re  lea v in g  the shop.
Ornamental. Front and Cas t in g s . -  B o ile r  to be provided w ith  an
ornamental fro n t casing; rear and top c lean ing  doors; b r ick  
stays and anchor rods. Front to be so arranged that chain
7g ra te  can be in s ta l le d .
Name requ ired  on fro n t:
"U n iv e rs ity  o f  I l l i n o i s "
1905.
Valves and F i t t in g s . -  One 5 1J 2  inch n ick e l-s ea ted  pop -sa fe ty
va lve  (A sh ton ). Main steam o u tle t  5 inches in  diam eter. One 
10 inch steam gage (S tan dard ). One 1 1 inch blow o f f  cock 
(a sb estos  sashed ). One 1 l / 2  inch feed -w ater va lv e  (F a ir ­
banks). One 1 1 j 2  inch check-va lve (P  & C ). One Reliance 
water Column complete w ith  three gage-cocks and one P. B. H. 
quick c lo s in g  v/ater gage, a l l  w ith  chains and handles fo r  
operating from f lo o r .  Necessary p ipe fo r  a ttach ing above 
f i t t in g s  to  b o i le r .
T i l e . -  F u ll set o f  b a f f le  t i l e .
T o o ls , e t c . -  Soot blower w ith steam hose and n o zz le . Two .1J 2
inch va lves  and p ipe and f i t t in g s  necessary to connect blower 
to  b o i le r .  One "S" wrench, se t o f f i r in g  to o ls ,  con s is tin g  
o f  s l ic e -b a r ,  hoe and two pronged hook, tube scraper w ith  
long handle.
E re c t io n . -  The b o i le r  i s  to be erected  in  the Mechanical Engineer­
ing Laboratory upon a foundation furn ished by the U n iv e rs ity .
B r ick S e t t in g . -  The brickwork above f l o o r - l in e  to be prov ided  by 
the U n ive rs ity .
Frame work. -  Frame work to be Heine Standard as shown on P la te  3. 
Furnace walk to be re in fo rc e d  by I  beams and channels as 
shown in  d e ta i l  on P la te  4.
Furnace. -  Furnace to  be constructed as shown on P la te  3.
8P A R T  2 
CHAIN GRATE STOKER
There w i l l  be one Green chain g ra te  mechanical stoker p ro­
v ided  w ith  mechanical apparatus fo r  operating  same.
Area o f  e f f e c t iv e  g ra te  surface to be 37 sq. f t . ,  dimensions 
as shown in  drawing on P la te  3.
E rec tion  o f  S toker. -  The stoker sh a ll be erected  \inder the super­
v is io n  o f  the c o n tra c to r 's  rep re sen ta t iv e . The U n ive rs ity  
sh a ll pay fo r  the work and expenses o f  the rep re sen ta t iv e , 
the amount being determined by agreement between the r e ­
p resen ta tiv e  and Consulting Engineer.
9P A R T  3 
HAND-PIRED GRATE
There w i l l  he a McClave-Brooks h an d -fired , rock ing g ra te .
Area o f  e f f e c t iv e  g ra te  su rface to  he 37 sq. f t . ,  dimensions as 
shown in drawing on P la te  4.
C a rr ia ge . -  The g ra te  to be mounted on a ca rr ia ge  made o f  s te e l - 
shaper  and provided  w ith  wheels to run on track o f  chain 
g ra te  stoker. Dimensions o f  ca rr ia g e  and d e ta i ls  o f  con­
s tru c tio n  shown in  drawing on P la te  4.
E re c t io n . -  The ca rr iage  to  be erected  under the su pervis ion  o f  
the Consulting Engineer. The g ra te  shall he erected  under 
the su pervis ion  o f  the co n tra c to r 's  rep re sen ta t iv e . The Uni­
v e r s it y  sh a ll pay fo r  the work and expenses o f  the rep resen ta ­
t iv e ,  the amount being determined hv agreement between the 
rep resen ta tive  and the Consulting Engineer.
C astin gs . -  The castin gs  fo r  dead p la te  and back, p la te  are to be 
as shown in  drawing on P la te  4. Made o f  gray cast iron  fr e e  
from blow holes or other im perfec tion s .
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FOUNDATIONS
B o i le r . -  Foundation o f  the b o i le r  sh a ll con s is t mainly o f  con­
c re te  as shown on P la te  5.
Economizer. -  Foundation o f  the economizer sh a ll con s is t mainly 
o f  concrete and b rick  as shown on P la te  2 .
Superheater. -  Foundation o f  superheater s h a ll con s is t mainly o f  
concrete. Drawing to be furn ished by con tracto r.
Induced D ra ft .Fan and Engine. -  Foundation shall, con s is t o f  con­
c re te  and b r ick  as shown on P la te  2 .
Forced D raft Fan ._  Foundation sh a ll con s is t o f  concrete and b rick  
as shown on P la te  2.
C on stru ction .- The work o f  la y in g  the foundations s h a ll be done 
by the U n ive rs ity .
Ash P i t . -  The ash p it  o f  b o i le r  sh a ll be made as shown in  drawing 
on P la te  5 and w i l l  have the g rea te s t  depth o f  4 f e e t .
Concrete. -  The concrete sh a ll be made in  the p roportion s : one (1 )  
o f  cement, three (3 )  o f  broken stone and s ix  (6 )  o f  sand.
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P A R T  5
ECONOMIZER
The economizer sh a ll be o f  the "Greene" type con s is tin g  o f  
e igh ty  p ip es , having a t o ta l  heating stirface o f  960 sq. f t .  
Tube-scrapers. -  The economizer sh a ll be f i t t e d  w ith  a mechanical­
ly -op e ra ted  tube scraping d ev ic e .
By-pass. -  A by-pass sh a ll be prov ided  under the economizer, as
shown on P la te  2, and sh a ll have a c u t - o f f  to a llow  gases to 
go through e ith e r  the economizer or by-pass. The by-pass 
sh a ll be b u ilt  o f  common b r id e , w ith  arched top.
D e f le c to r s . -  There sh a ll be two d e f le c to r s  f i t t e d  as shown on 
P la te  2.
Removable Casing. -  There shall, be "s e c t io n a l re ta in in g -co v e rs "
provided fo r  the ou ter w a ll o f  the economizer, fo r  purpose o f  
f a c i l i t a t in g  in sp ec tion  and r e p a ir s . These covers shall, con­
s is t  o f  s t e e l  p la te s  o f  No. 10 and No. 11 gage, f i l l e d  be­
tween w ith  2 inch packing o f  asbestos.
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SUPERHEATER
The superheater sh a ll be o f  the d ir e c t - f i r e d  Foster type b u i l t  
by the Powers S p ec ia lty  Company o f  New York.
C apac ity . -  The superheater sh a ll have a capacity  o f  ra is in g  the 
temperature o f  4500 lb s . steam per hour at a pressure o f  
160 lb s . per sq. in . to 570° F. corresponding to  a superheat 
o f 200°; and to  increase th is  superheat to SO0° fo r  short 
spaces o f  t in e .
C onstru ction . -  The superheater s h a ll be o f  composite construction  
and sh a ll con s is t o f  a s e r ie s  o f  s tra ig h t  elements connected 
to  return  boxes and s te e l  connecting headers.
The jo in ts  between the elements and the headers sh a ll be 
metal to  m etal, obtained by expanding the ends o f  the elements 
in to  reamed holes in  the headers. The elements to  con s is t 
o f  seamless co ld  drawn s te e l  tubing to be ou ts ide o f  which 
are f i t t e d  a s e r ie s  o f  annular g i l l - f la n g e s ,  p laced c lo s e  to 
each other and form ing an ex te rn a l covering  o f  cast iro n .
15
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MECHANICAL DRAFT APPARATUS
Induced. D r a ft . -  The induced d ra ft  apparatus sh a ll con s is t o f  an 
"American Blower Company's" No. 90 " s t e e l- p la t e "  type, f u l l -  
housed, top v e r t ic a l ,  d ischarge fan , w ith  d irect-con n ected , 
v e r t ic a l ,  c y lin d e r  above sha ft engine. The fan to he con­
nected to economizer and by-pass by means o f  a s te e ]-p la te  
f lu e  34 inches in  diam eter, as shown on P la te s  1 and 2. Fan 
. to  d ischarge in to  a 34 inch s te e l  stack se t on fan, and ex­
tending 15 fe e t  above the r o o f .
F o rced -d ra ft . -  The fo rc e d -d ra ft  apparatus s h a ll con s is t o f a
No. 9 "A. B. C ." cast iron  volume blower, d riven  by a d ir e c t  
connected a lte rn a tin g  cu rren t, v a r ia b le  speed motor. The fan 
s h a ll discharge v e r t ic a l ly  downward in to  a b r ick  conduit lead ­
ing to  b rid ge  w a ll as shown on P la te s  2 and 3.
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BRICKWORK
B o i le r . -  The rea r w a ll s h a ll be 2 Inches th ick , o f  common b r ick , 
w ith  f i r e  b rick  l in in g  from f lo o r - l in e  to bottom o f  w ater- 
le g , and 13 inches th ick  o f  common b rick  the remaining h e igh t.
The s ide w a lls  sh a ll be 19 inches th ick , o f  common brick  
w ith  f i r e - b r ic k  l in in g  to top o f  tubes. Forward o f  b ridge 
w a ll the s ide w a lls  are to be 15 inches th ick  o f  common brick  
up to  g ra te  le v e l  as shown in  drawing on P la te  3 and 19 inch 
w all as s p e c if ie d  from gra te  le v e l  to top o f  tubes. A 1 l / 2  
inch a ir  space to be provided  from f lo o r - l in e  to w ith in  4 
inches o f  top row o f  tubes.
Top o f  sh e ll to be bricked  over w ith  one course o f  f i r e ­
b r ick . Remaining space on top o f  b o i le r ,  except such space as 
shown in  drawing on P la te  3, to be covered w ith  4 inch course 
o f  common b r ic k .
B ridge w a ll sh a ll be 38 inches th ick  o f  common and f i r e  
b rick  and provided w ith  a conduit 16 inches by 16 inches fo r  
fo rced  d ra ft ,  a lso  an opening fo r  same in  fron t s id e  as shown 
on P la te  3. Overhanging part o f  b r id gew a ll, b u ilt  to  ac­
commodate chain g ra te  s tok er, sh a ll be e n t ir e ly  o f  f i r e  b r ick .
Arch sh a ll be b u ilt  o f  common and f i r e  b r ick  as shown 
on P la te  3.
There sh a ll be an adequate number o f  c lean ing doors in  
s ide and rea r walk.
The brickwork shall, extend ten inches below the f l o o r -
15
l in e  in  a l l  w a lls .
Econom izer. -  The economizer sh a ll have a 4 inch w a ll o f  common 
b r ick  b u ilt  aga inst the b o i le r  w a ll as shown on P la te  2.
There sh a ll be a b rick  f lu e  w ith  IS inch w a lls  connecting 
economizer w ith  b o i le r  and sixperheater. Other w a lls  o f  econ­
om izer to  be o f  common b rick  as shown on P la te  2.
Superheater. -  The siiperheater s h a ll have is  inch w a lls  b u i l t  o f  
common b rick  lin ed  w ith  f i r e  b r ic k . There s h a ll be a 9 inch 
arch o f f i r e  b rick  extending over the f u l l  length  o f  g ra tes  
and b r id ge  w a l l . The b ridge w a ll sh a ll be 18 inches th ick  
b u ilt  o f  f i r e  b rick  supported by common b rick  below the g ra te  
l e v e l .
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PIPING
Connections sh a ll be made w ith  feed  connections and steam out­
l e t .  The feed  water p ipe sh a ll be attached to  the rea r end o f  
s h e l l .  The steam p ipe sh a ll be run from the steam o u tle t  on the 
top o f sh e ll a t 'th e  fr o n t  and by means o f a Tee both to  super­
heater and d ir e c t ly  to main. The pipes s h a ll be covered w ith  85$> 
Magnesia coverin gs . The con tractors  may submit b ids fo r  such 
coverin gs . D u ra b ility  as w e ll as in su la tin g  q u a lit ie s  d es ired .
Only f i r s t - c la s s  m a te r ia l and work w i l l  be considered .
P ressu res .- A working pressure o f  160 lb s . w ild be ca rr ied  on the 
b o i l e r .
V a lv e s . -  There sh a ll be a gate va lve  on each lead from Tee on 
main steam o u t le t .
B lo w -o ff . -  The b lo w -o ff connections sh a ll be so arranged as to
perm it a l l  escaping water and steam to be caught and measured. 
Sweeps. -  Sweeps sh a ll be used in  the main steam connections in 
p lace o f  elbows, e lim in a tin g  expansion jo in ts .
P a in t . -  A l l  coverings to be pain ted two coats o f  asphaltum o f  
c o lo r  approved by the Consulting Engineer.
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